Abstract. This study was aimed to examine the effect of black tea extract addition in diet containing 4% and 6% sunflower oil on ewe physiological responses and blood profiles from late pregnancy until early lactation. This study was designed using a 2×2 factorial completely randomized design with five replications on 20 latepregnant ewes. The first factor was two levels of sunflower seed oil (4% and 6%) and the second factor was the levels of black tea extract addition (0 ppm and 500 ppm). Data were analyzed by using analysis of variance (ANOVA) and Duncan's multiple range test. Results showed that supplementation of sunflower seed oil and black tea extract had no effect on physiological responses and blood profiles of ewe during late pregnancy until early lactation except for erythrocyte numbers. Erythrocyte numbers were higher on 6% sunflower seed oil supplementation than that of 4% (P<0.05). In conclusion, the addition of black tea extract in diets containing 4% and 6% sunflower seed oil limitedly affect physiological responses and blood profiles of the ewe.
Introduction
Indonesian local sheep have been known to have a genetic potential in the reproductive ability. Reproductive performance of the genetic factors will be expressed only if it is supported by conducive environmental factors such as the diet based on the nutrition requirement for reproductive ewe (Capper et al., 2006) . Scaramuzzi et al. (2006) described that the reproductive performance is affected by quality and quantity of nutrients provided to pregnant ewes. Animals generally have four critical reproductive phases, i.e., during premating, early pregnancy, the final third of gestation, and early lactation; these phases require nutritious diet in order to support fetus growth and development. Pregnant ewe requires a high concentration of nutrients in the diet at similar quantity because consumption will be reduced due to the reduction of stomach volume as a result of the rapidly growing fetus (Munoz-Gutierrez et al. 2002) .
Sunflower seed oil contains high fat, and it is expected to sufficiently supply the energy demand of ewe. Fat contains higher energy than that of carbohydrate or protein and produces lower heat increment. Low heat increment diet is apparently suitable for a tropical animal in order not to produce excessive heat. Thermoregulation process of continuous heat production is followed by heat release to the environment through skin and breath. This could be reflected in the measurement of physiological response parameters such as rectal temperature, respiration rate, heart rate, hematocrit, and heterophile to lymphocyte ratio.
Sunflower seed oil contains essential fatty acids such as linoleic acid 67.5% and oleic acid 18.7%. Diet containing unsaturated fatty acids could improve the fertility of ruminants (Cerri et al., 2009) but it is prone to oxidation and thus should be accompanied by antioxidants for protecting them from oxidation (Fremont et al., 1999) . Antioxidant is defined as a compound that could prevent oxidative reactions of lipids from free radicals (Damayanthi et al., 2004) . Antioxidant activity in tea results from polyphenol (Gardner et al., 2007) . Black tea contains natural antioxidants, i.e. polyphenol (119.0-178.8 mg g -1 ) and theaflavin (9.7-13.7 mg g -1 ) to prevent peroxidation of unsaturated fatty acids in cell membrane phospholipids (Bhuyan et al., 2013) .
The aim of this study was to examine the effect of black tea extract addition in diet containing 4% and 6% sunflower seed oil on the physiological responses of late pregnancy to early lactation ewe.
Materials and Methods

Animal and experimental diet
Twenty local sheep in late pregnancy to early lactation with an average body weight of 31.2 ± 2.28 kg were used in this study. The sheep were randomly distributed into individual cages. Maintenance of ewe was performed since late pregnancy until three weeks after giving birth. Temperature and humidity in the animal house were measured three times a day at 06.30 am, 12:30 pm, and 17:30 pm. Total mixed ration of grass and concentrate (30:70) was used as the experimental diet. The grass used in this study was Brachiara humidicola. The concentrate was composed of cassava, coconut meal, soybean meal, premix, salt, CaCO3, sunflower seed oil and black tea extract. Extraction of black tea was conducted through maceration process of black tea powder dissolved in 70% ethanol with the ratio of ethanol, and black tea powder was 2:1. The mixture was allowed to stand for 24 hours and stirred every eight hours. The mixture was then filtered using filter paper and the filtrate was evaporated to obtain black tea extract. Black tea extract was mixed with tapioca flour with a proportion between tea extract and starch was 1:3.
This study employed a 2 x 2 factorial design based on a completely randomized design with 5 replications. First factor was 2 levels of sunflower seed oil supplementation (4% and 6%) and the second was 2 levels of black tea extract addition (0 ppm and 500 ppm). The treatment combinations were: M4T0 (0 ppm black tea extract + 4% sunflower seed oil), M4T500 (500 ppm black tea extract + 4% sunflower seed oil), M6T0 (500 ppm black tea extract + 6% sunflower seed oil), M6T500 (500 ppm black tea extract + 6% sunflower seed oil). Nutrient content of the experimental diets is presented in Table 1 . 
Physiological response
Parameters measured on physiological responses were respiration rate, heart rate and rectal temperature. Duplo measurement of respiration rate, heart rate, and rectal temperature were determined every week during the experimental period from late pregnancy until early lactation. The respiration rate was measured by placing the palms on the nose and count the breaths for 1 minute using a stopwatch and counter. Heart rate was measured by placing a stethoscope on the left chest while ewe was in standing position and count rate for 1 minute. Rectal temperature was measured by inserting a digital body thermometer into the rectum.
Haematological profile
Blood sampling was performed at the end of pregnancy period. An amount of 3 ml blood was drawn from the jugular vein of ewe using a sterile syringe, inserted into the tube with EDTA, and then taken to the laboratory for analysis. For hemoglobin determination, sahli tube was filled with HCl 0.1 N, then filled with 0.1 mL of blood until brown hematin acid formed. Distilled water was added until the color looked as the standard color. Blood level in the tube indicated the amount of hemoglobin in 100 mL/g blood. Hematocrit determination was performed by the microhematocrit method. Microcapiler pipe was filled with blood (about 4/5 part of the pipe volume) and then closed with stopper and centrifuged for 5 minutes. Hematocrit value was presented as erythrocyte volume percentage (%) read with microhematocrit reader.
For measuring number of red blood cells (erythrocytes) and white blood cells (leukocytes), blood sample was smoked using an erythrocyte pipette for red blood cells and leukocyte pipette for white blood cells, diluted with Hayem solution to the mark 101 for erythrocytes and diluted with Turk solution up to the mark 11 for leukocytes, and then homogenized. A drop of blood solution was dripped into the counting chamber covered with cover glass then observed under a microscope. 
Results and Discussion
Environmental condition
Research location had fluctuation temperature and humidity from morning until evening. Ambient temperature observed in the morning, day and evening ranged between 24.1-31.0°C with the humidity of 70-89% (Table  2) . Comfort zone of tropical sheep typically ranges between 22-31°C (Subronto, 2003) . Apparently the average temperature in the animal house was in the range of comfort zone and therefore suitable for ewe maintenance. Meanwhile, optimum humidity for sheep is less than 75% (Subronto, 2003) . The average of the highest humidity in the morning (89%) exceeded the optimum humidity for sheep. This can be caused by a lack of air circulation inside the animal house so that water vapor is accumulated. A very high humidity is harmful since it may lead to slow and limited evaporation of water and potentially disturb animal thermoregulation system (Yani and Purwanto, 2006) . 
Physiological response
Neither sunflower seed oil nor black tea extract affected the respiratory rate of late pregnancy to early lactation ewe (Table 3) . Respiratory rate during the late period of pregnancy to early lactation ewe was higher than the normal range of ewe in the tropics according to Suprayogi and Astuti (2006) . Respiratory rate in late pregnancy period was different from the early lactation period. Ewe during late pregnancy period does not consume diet as much as during lactating period due to the limited capacity of digestive organs with the fetus inside. Lactating animals consume the highest dry matter intake among other reproductive phases to produce milk and energy reserves for preparing the next breeding season. Under such condition, higher oxygen intake is needed to run body metabolism during lactation period than during pregnancy period. Increased respiratory rate reflected heat quickly passed through blood to the body in order to help animals released body heat for balanced body temperature.
Supplementation of sunflower seed oil and black tea extract did not affect the heart rate of late pregnancy to early lactation ewe (Table 4) . The heart rate of ewe in late pregnancy period was within a normal range according to Subronto (2003) , i.e., 70-90 times min -1 . Black tea extract containing polyphenol is allegedly capable of improving blood circulation in order to maintain normal heart function. Provision of oil in diet could reduce body heat production so that the animals could improve their thermoregulation ability with lower heart rate.
Heart rate of ewe during early lactation was above normal range, higher in comparison to late pregnancy period. It is apparently associated with the increase of respiration rate during early lactation as compared with late pregnancy. An increase of respiration frequency may lead to an increase of heart rate since respiration muscles need more supply of oxygen and nutrients, and thus the heart pumped the blood faster.
An Addition of black tea extract and sunflower seed oil had no effect on rectal temperature of ewe during late pregnancy until early lactation (Table 5 ). Rectal temperature of ewe during late pregnancy to early lactation is still within the normal range according to Subronto (2003) , i.e. between 38-40 o C. It seems that heat exposure to animal is already happened for a long time so that animal could adapt in balancing body heat production with the release of body heat to the environment. The normal rectal temperature may also occur as result of feeding the fat from sunflower seed oil with lower heat increment than that of protein and carbohydrate so that the animals were not constrained in releasing body heat. T0: addition of 0 ppm black tea extract, T500: addition of 500 ppm black tea extract, M4: addition of sunflower seed oil 4%, M6: addition of sunflower seed oil 6%. T0: addition of 0 ppm black tea extract, T500: addition of 500 ppm black tea extract, M4: addition of sunflower seed oil 4%, M6: addition of sunflower seed oil 6%. T0: addition of 0 ppm black tea extract, T500: addition of 500 ppm black tea extract, M4: addition of sunflower seed oil 4%, M6: addition of sunflower seed oil 6%.
Blood profile
Generally, addition of black tea extract and sunflower seed oil in diet did not affect blood of ewe except for number of erythrocytes (Table  6 ). Concentrate with 6% sunflower seed oil showed higher erythrocytes number compared with concentrate with 4% sunflower seed oil (P<0.05). This result suggested that higher amount of oil in diet could increase number of erythrocytes. Essential fatty acids present in oil are part of lymphoid tissue that maintain immune system function by forming prostaglandin. The function of prostaglandin hormone is to repair cell membrane, including the membrane of red blood cells and thus could increase the number of erythrocytes (Fritsche et al., 1992) Schalm (2010) . T0: addition of 0 ppm black tea extract, T500: addition of 500 ppm black tea extract, M4: addition of sunflower seed oil 4%, M6: addition of sunflower seed oil 6%. Different superscripts in the same column are significantly different at P<0.05.
Ewe hemoglobin value in this experiment was within the normal range according to Schalm (2010) , apparently due to adequate Fe supply such as from sunflower seed oil that contains high Fe, i.e. 49.66 mg kg -1 (Özcan, 2006) . Ewe hematocrit values were also within the normal range, comparable to the hemoglobin and red blood cell count reported by Mawati et al. (2004) . This may reflect that ewe has been adapted under tropical condition. Number of leucocytes as well as leukocyte differentiation for all treatments were within the normal range, indicating that immune system was not compromised by feeding treatment.
Neutrophil to lymphocyte ratio is an indicator of animal response to environmental change (Maheswari, 2008) . High ratio of neutrophil to lymphocyte indicates that animals experiencing stress (Kannan, 2000) . Stress produces glucocorticoid hormones that may disturb immune cells. Glucocorticoid disturbed the cytokines production that necessary for immune responses (Mashaly et al., 2004) . Stress may lead to leukocytosis that is caused by increasing neutrophil from glucocorticoids induced and release of neutrophil reserves in the marrow bone (Sugito and Delima, 2009) . Standard value for neutrophil to lymphocyte ratio in sheep is 0.5 (Schalm, 2010) . Data in the present study showed that ewe neutrophil to lymphocyte ratio were above normal for all treatments. This could be due to animal exposure to fluctuating temperature, causing stress of the animals.
Conclusions
Supplementation of black tea extract and sunflower seed oil did not affect physiological responses and majority of blood parameters of ewe during late pregnancy until early lactation. Supplementation of 6% sunflower seed oil in diet increased erythrocytes of ewe as compared with 4% sunflower seed oil.
